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Abstract
This project quantified lotic periphyton community change from May 2018-October 2018
in five, first and second-order Lake Superior tributary streams. Using periphyton communities,
land use, geology, and abiotic factors pertinent to stream ecosystems we evaluated periphyton
community succession. Using periphytometers, periphyton communities were collected and
identified monthly to quantify community succession. Total phosphorus and total Kjeldahl
nitrogen were measured monthly during the study. Depth, velocity, specific conductivity, and
canopy cover were measured to quantify some of the physical factors within the streams. Nonmetric multidimensional scaling analysis indicated that the periphyton communities were similar
between streams (ADONIS p-value =0.73) but was changing seasonally (ADONIS p-value
<0.001). Dominant diatom taxa found were Synedra, Nitzschia, Melosira, Navicula, and
Diatoma. Principal component analysis found that most streams had similar characteristics
throughout the sampling period but depth. Chemical analysis from the streams indicated that
these systems contained low nutrients but were classified as oligotrophic based on the trophic
state index. Nutrients in the streams were very low; total phosphorus ranged from 50-70 µg/L
meaning the streams meet the oligotrophic threshold. Nitrogen concentrations within these
streams peaked at 1.00 mg/L following leaf abscission from the riparian vegetation in the fall but
was found to be <0.5 mg/L throughout the rest of the sampling period. It has been hypothesized
that Lake Superior is beginning to undergo the process of ultra-oligotrophication or when total
phosphorus levels are <1 µg/L within the water column. The Lake Superior basin could be
greatly impacted by climate change, introduction of invasive species, and potential warming air
temperatures, which could accelerate ultra-oligotrophication within the basin and cause a
reduction in biodiversity of Lake Superior and its tributaries.
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Chapter I
Introduction
Periphyton can be used as model organisms when researching changing conditions within
streams to observe the impacts of anthropogenic pollution and climate effects on aquatic systems
(Singh et al. 2017). Periphyton communities are the collection of green algae, diatoms, bluegreen algae, heterotrophic bacteria, and fungi that create attached assemblages within streams
(McCall et al. 2017; Rashid et al. 2013). Rapid community changes within periphyton
communities occur due to the fast generation time and adaptability of these organisms within
aquatic systems (Snyder et al. 2002). Factors impacting periphyton species composition include
increasing temperature, fluctuating nutrient levels, predation, and shifting substrate (Francoeur,
Biggs et al. 1999; R. J. Stevenson et al. 2006). Periphyton communities can also give insight to
changing conditions within the water system due to the rapid ability of the communities to
change to shifting seasonal conditions and anthropogenic alterations (Biggs & Smith, 2002;
Godwin & Carrick, 2008). Periphyton research can be used to make predictions on how rising
water temperature and higher concentrations of nutrients can impact communities within stream
ecosystems, both areas relevant to potential impacts of climate change. Using periphyton as
bioindicators can be a relatively inexpensive way of monitoring streams because they show
increased biomass of diatoms at lower total phosphorus concentrations, while at high total
phosphorus concentrations communities resemble a higher biomass of green and blue-green
algae (Stelzer & Lamberti, 2001).
In-stream nutrients vital to periphyton communities are nitrogen (N) and phosphorus (P)
in both their organic and inorganic forms (Biggs, 2000; Francoeur et al., 1999; Matheson et al.
2012). These nutrients are common within aquatic systems and are naturally occurring from a
variety of sources within nature. Most of the nutrients within the Lake Superior Basin flow in
8

from the surrounding tributaries (Hershey, Anne E & Wold, 1999). The presence of N and P are
important drivers of periphyton community presence and succession. N and P concentrations can
vary seasonally with factors including leaf abscission, detrital breakdown, presence of shredding
invertebrates, and nutrient spiraling (Allen & Hershey, 1996; Biggs et al. 1998; Mulholland, et
al. 1985). Lower concentrations of phosphorus within these streams can lead to the periphyton
being composed highly of pennate diatoms while high concentrations of phosphorus would lead
to periphyton being composed of green algae, blue-green algae, and stalked diatoms (Biggs et al.,
1998; Quinn & Hickey, 1990; Rugenskiet al. 2008). The presence or absence of nutrients within
an aquatic system can often be directly correlated to the species that are present at a given time
(Biggs, 1990; Cantonati & Lowe, 2014). Nutrient presence and absence can be used as a direct
correlation of periphyton community assemblage (Santos, et al. 2018). Knowing the
concentration of nutrients within aquatic systems allows for the study of periphyton communities
and can be used in a variety of studies and to use them as bioindication.
Successional changes are common to occur within periphyton over time and as water
temperatures rise. It has been described that diatoms would inhabit streams in early spring
(Honeyfield & Maloney, 2015; Robarts & Zohary, 1987) and the community would progress to
stalked diatoms and green algae into mid-summer (Carpenter & Waite, 2000; Guasch et al.,
1998; Kilroy & Bothwell, 2011). Periphyton successional stage is used as a bioindicator of
stream health (Jyrkänkallio-Mikkola et al. 2018; Piggott et al. 2015; Pillsbury et al. 2019; Welsh
& Ollivier, 1998). Streams with a high disturbance frequency would be found to contain
communities dominated by pennate diatoms while streams with a less frequent disturbance
frequency would be hypothesized to contain mucilaginous green algae communities. This
seasonal shift of periphyton can give insight to the health of the ecosystem, grazer presence,
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riparian vegetation, and anthropogenic influences within a stream. Future climate change
predictions could lead to a shift in this understanding as air temperatures continue to warm and
nutrients become available to stream communities. The successional stage of periphyton
communities is directly controlled by the frequency of disturbance that occurs within the system.
It has been reported that biofilm thickness and biomass are directly related to the age and
diversity within the biofilm itself (Reisinger, Tank, & Dee, 2016; Sekar et al. 2002). As the
biofilms get larger and thicker in late successional stages, they become more susceptible to being
damaged through high flooding, erosion, and substrate disturbance. These late successional mats
are composed of green algae, blue-green algae, and stalked diatoms and can shade out lower
stage organisms of diatoms like Synedra, Navicula, and Nitzschia (Biggs et al., 1998; Jones,
1977; Sekar et al., 2002).
The introduction of fine sediments can have direct impacts on physical and chemical
characteristics of stream ecosystems. These sediments can reduce light availability to
communities (Waters 1995; Wood and Armitage 1997), limited hard surfaces for periphyton to
colonize (Biggs 1995; Kondolf et al. 2014), a reduction in periphyton abundance and biomass
has been observed with varying levels of sedimentation and wash-out (Foy 1976). These fine
sediments are considered to be the greatest source of water quality degredation within an aquatic
ecosystem (Biggs, 2000) but the loss of abundance of periphyton communities might not mean a
loss of primary production within streams (Dodds & Smith, 2016). Periphyton communities can
quickly adapt to reduced abundance through increasing chlorophyll concentrations within cells
being able to maintain primary production within streams (Dodds & Smith, 2016; Gottlieb et al.
2006; Wood & Armitage, 1997). This adaptability makes these organisms key factors in
monitoring a changing climate and allows for stream health to be monitored.
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As the overall climate of Earth continues to raise water temperature within streams,
periphyton communities would be directly impacted. Climate change has been found to cause
earlier snow melts and more severe precipitation events around the world (Trenberth, 2011;
Walther et al., 2002). These earlier snow melts are hypothesized to lead to earlier blooming of
riparian vegetation and nutrient uptake by organisms (Feminella M.E.;Resh,V.H., 1989; Shigeru
Nakano, Hitoshi Miyasaka, 1999). With global air temperatures rising we could see an increase
in green algal and cyanobacterial blooms worldwide (Snyder et al., 2002). The seasonal change
of periphyton communities has been used as bioindicators of increasing water temperatures
through observing the present communities compared to their life histories (Wu et al. 2017).
Stevenson and Pan (1999) used diatoms as an indicator to assess environmental conditions
within streams due to their ease of use and utility in showing changes in water temperature, light
availability, nutrient concentration alterations, and disturbance impacts on aquatic systems.
Another example of periphyton as bioindication is the use of these communities in surveying the
presence of heavy metals within aquatic environments (Huang et al., 2017; Kaonga & Monjerezi,
2012; Li, Zheng, & Liu, 2010). Increasing water temperatures would be predicted to cause an
increase in the abundance of Melosira, Cladophora, Oedogonium, and Microcystis over time
(Brown, Low-Décarie, Pillsbury, Fox, & Scott, 2017; Guasch et al., 1998; Piggott et al., 2015),
and have the potential to reduce assemblage diversity (Cantonati and Lowe 2014). This loss of
diversity may impact higher trophic levels through the reduction in macroinvertebrate grazing
potential (Moerke et al. 2005) or the death of fish populations through harmful algal blooms and
die-offs (Francoeur et al. 2017; Michalak et al., 2013).
In addition, the Lake Superior water basin may be undergoing the process of ultraoligotrophication, where decreasing available phosphorus (< 1 µg/L) can limit periphyton growth
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and diversity (Sterner, 2014). Stream ecosystems within the basin would experience the greatest
impact from ultra-oligotrophication due to a loss of nutrients becoming available from riparian
zones (Michelutti et. al 2003). The flow of streams and nutrient spiraling can lead to a coupling
effect of total nutrient concentrations found within these systems (Ward et al., 2017). Low total
nitrogen and phosphorus concentrations can lead to decreased successional changes and has been
found to house lower a lower diversity of organisms (Michelutti et al. 2003; Pan et al. 2000;
Rosemond, 1994). Lake Superior; long being considered an oligotrophic system; largely receives
its water inputs from tributaries, groundwater discharge, and rainfall (Hershey and Wold 1999).
The potential ultra-oligotrophication of these tributaries could impact nursery habitat for
migrating suckers (Catostomus spp.) (Beauchamp et al. 1994), invertebrate populations within
streams (Álvarez & Peckarsky, 2005; Feminella M.E.;Resh,V.H., 1989; Greenwood &
Rosemond, 2005), and could promote the growth of the low nutrient bloom forming diatom
Didymosphenia (Bothwell et al. 2011). An understanding of the ecology and diversity of primary
producers within these systems and knowing how abiotic variables could be correlating to
periphyton growth seasonally could assist in the management and health of the Lake Superior
basin long term. The downstream transfer of organic matter and nutrients into Lake Superior
from its tributaries could be impacted by changing environmental factors from climate change.
As air temperatures continue to climb, terrestrial plants are beginning to bloom earlier in the
spring as snow melt begins sooner. This is hypothesized to lead to lower concentrations of
phosphorus and nitrogen within these streams and could eventually lead to some of the issues
that have been previously discussed.
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Purpose
This project investigated the seasonal shift of periphyton communities spatially and
temporally across five streams in the Upper Peninsula of Michigan from May 2018-October
2018. I quantified if community change does occur and if so, attempted to correlate these
changes to environmental changes occurring seasonally. The streams in question are
understudied systems and, using streams in a relatively remote area of the Upper Peninsula
would allow for qualitative analysis of community structure and abiotic factors and help
understand how climate change and anthropogenic influences may be impacting these systems.
This study also intends to investigate nutrient concentrations within each tributary to gain
additional information to answer if ultra-oligotrophication is occurring within the tributaries of
Lake Superior.
Scope
Within headwater streams diatoms such as Diatoma, Nitzchia, and Synedra are the most
abundant genera found and would arrive quickly after first snowmelt (Bernhardt & Likens, 2004;
Lynch & Magoulick, 2016; Michelutti et al., 2003; Nebgen & Herrman, 2019). These genera are
understood to have greater presence in colder temperatures with low nutrients. Understanding
periphyton community structure, seasonal shifts, and physiochemical characteristics allows for a
heightened understanding of these stream ecosystems. This study made use of previous
techniques within the field of algal ecology through the use of periphytometers and
physiochemical variables within streams (Stevenson & Bahls, 1999) and permits an increased
knowledge of an understudied region of the world that has a relatively low anthropogenic
impact.
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Significance
Periphyton are an important group of organisms and are found in all aquatic ecosystems
while displaying great diversity and abundance within aquatic ecosystems (Santos et al. 2018).
These communities have also been found to be excellent model organisms for quantifying
changing environmental conditions, including seasonal shifts, because they quickly respond to
changing environmental conditions (Stelzer and Lamberti 2001). Understanding seasonal shifts
in periphyton communities over time in five creeks would permit predictions of how future
changes in temperature and nutrient concentrations may influence periphyton assemblages.
Objectives
The goal of this study was to compare the periphyton communities of five Lake Superior
tributaries from May 2018-October 2018. I considered differences in geology/land use, nutrient
concentrations of total Kjeldahl nitrogen (TKN), total phosphorus (TP), and physical stream
conditions in these streams (Biggs, 1990; Stevenson et al. 2006). I hypothesized that periphyton
communities would change temporally but remain similar spatially during this experiment due to
the proximity of these streams to each other and their similar physical characteristics. Taking
these conditions into consideration allows an understanding of the periphyton community,
seasonal shifts that are occurring within the community, and what it could mean when correlated
to physiochemical parameters within each stream. Specifically, I used periphytometers to collect
monthly community samples; and performed statistical analysis to compare species and
environmental trends to determine how periphyton communities were seasonally shifting within
streams.
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Chapter II
Abstract
This project investigated the seasonal shift of periphyton communities spatially and
temporally across five streams in the Upper Peninsula of Michigan from May 2018-October
2018. I quantified if community change does occur and if so, attempted to correlate these
changes to environmental changes occurring seasonally. The first and second order streams in
question are understudied systems and, using streams in a relatively remote area of the Upper
Peninsula would allow for qualitative analysis of community structure and abiotic factors and
help understand how climate change and anthropogenic influences may be impacting these
systems. This study also intends to investigate nutrient concentrations within each tributary to
gain additional information to determine the trophic status within the tributaries of Lake
Superior. Periphyton, being aquatic organisms found in all systems, provide an excellent
organism for the study of stream function and diversity. Using periphytometers, periphyton
communities were collected and identified once monthly to understand if a community shift was
occurring and how the communities related within the streams. Total phosphorus and total
Kjeldahl nitrogen were measured to understand the specific chemical concentrations over the
sampling period. Depth, flow velocity, conductivity, and canopy cover were measured to
understand some of the physical factors found within the streams. Non-metric multidimensional
scaling analysis found that the periphyton community was similar within streams (ADONIS pvalue =0.73) but was changing seasonally (ADONIS p-value <0.001). Principal component
analysis found that most streams had similar characteristics throughout the sampling period but
depth. Chemical analysis from the streams discovered that these systems contained low nutrients
but were classified as oligotrophic based on the trophic state index. Nutrients in the streams were
very low; total phosphorus ranged from 50-70 µg/L meaning the streams meet the oligotrophic
16

threshold. Nitrogen concentrations within these streams peaked at 1.00 mg/L following leaf
abscission from the riparian vegetation in the fall but was found to be <0.5 mg/L throughout the
rest of the sampling period. The Lake Superior basin could be greater impacted through changes
in climactic events, introduction of invasive species, and potential warming air temperatures
which could accelerate ultra-oligotrophication within the basin and cause a reduction in
biodiversity of Lake Superior and its tributaries.
Introduction
The study of periphyton has been used in conjunction with several projects in recent
times (Lohman, Kirk. Jones, John R. Baysinger-daniel, 1991; Nebgen & Herrman, 2019; Riseng,
C. M., et al. 2004; Shigeru Nakano, Hitoshi Miyasaka, 1999). Using periphyton successional
change for stream monitoring projects and monitoring climate change effects on streams (Brown
et al., 2017; Langridge & Daniels, 2017; Molina-Navarro, et al. 2018; Piggott et al., 2015).
Periphyton can be used to monitor changing nutrient concentrations in both natural streams
(Dodds et al. 2002; Santos et al., 2018; Sekar et al., 2002) and impacted streams (Dinh & Death,
2018; Dodds et al., 2002; Wood & Armitage, 1997). Using periphyton successional change can
give insight to the presence of trace metals (Huang et al., 2017; Wu et al., 2017), stream nutrient
state classification (Dodds, et al. 1998; Lufafa, et al. 2003; Trebitz et al., 2008), invasive species
impacts (Bothwell et al., 2014; Cantonati & Lowe, 2014; Francoeur et al., 2017; Kilroy &
Bothwell, 2011; Walsh et al. 2016), and climate change impacts on streams (Brown et al., 2017;
Jyrkänkallio-Mikkola et al., 2018; Stasio et al. 1996). These studies can be used to help identify
the strong points on using algal ecology as means of indication of how a changing environment
could be impacting lakes and streams around the world. Benthic periphyton communities
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specifically can show how a potential decrease in nutrients of the Lake Superior basin could
impact how the ecology of these tributaries could be impacted.
Tributary streams play a vital role in the distribution and delivery of nutrients into lakes
through seasonal runoff of N and P into Lake Superior (Rugenski et al. 2008). Within the Lake
Superior basin, nutrients are becoming less available for biological uptake overtime (Kireta &
Saros, 2019) through events like climate change (Kireta & Saros, 2019), early snow melt
(Langridge & Daniels, 2017), and more severe rain events (Trenberth, 2011). As temperatures
continue to warm and detrital breakdown reduces (Boyero et al., 2011) nutrient spiraling within
streams would lengthen and reduce growth within streams (Cantonati & Lowe, 2014;
Mulholland et al., 1985). As these events occur, ultra-oligotrophication within Lake Superior
would only be enhanced over time and could lead to the bloom of Didymosphenia and the
reduction of lake phytoplankton over time.
An important component of the benthos, benthic periphyton are a commonly used
community for the monitoring and assessment of stream climate change studies (Boyero et al.,
2011; Jyrkänkallio-Mikkola et al., 2018; Piggott et al., 2015; Walther et al., 2002). Periphyton
communities are the collection of green algae, diatoms, blue-green algae, heterotrophic bacteria,
and fungi that create attached assemblages within streams (Rashid et al., 2013). Periphyton,
being microscopic primary producer, can exhibit extremely diverse communities within small
surface areas within the benthos. Because these organisms are photosynthetic, they are directly
controlled by factors including: water temperature, light penetration, nutrient concentration, and
disturbance regime of the stream (Álvarez & Peckarsky, 2005; Bernhardt & Likens, 2004; Lynch
& Magoulick, 2016; McCall et al., 2017; Santos et al., 2018). Periphyton are good indicators of
seasonal stream changes due to the ability of these organisms to quickly adapt to changing
18

conditions (e.g., increasing temperature, fluctuating nutrient levels, predation, and shifting
substrate) throughout the different seasons. This adaptability makes periphyton key components
in stream ecosystems around the world (Chetelat et. al. 1999, Piggot 2015). Abiotic changes
around these communities can have a direct impact on what division can dominate the
community. The removal of riparian zone vegetation can lead to an increase in water temperature
and nutrient concentrations within the stream eventually leading to the presence of stalked green
algae and late successional organisms (Dodds, 2007; Foy, Gibson, & Smith, 1976; Guasch et al.,
1998). Periphyton can show a reduction in nutrient concentrations by the community being
dominated by diatoms and on the extreme end the presence of Didymosphenia, an invasive
stalked diatom found to bloom in low nutrient systems (Bothwell et al., 2014; Gottlieb et al.,
2006; Kilroy & Bothwell, 2011; Mori, et al. 2018; Pillsbury et al., 2019). With periphyton being
excellent indicators of change within aquatic environments, they are commonly used in research
to monitor stream ecosystem health.
Changing climactic factors are becoming a stronger presence within the natural
environment. Current climate predictions show that air temperature will continue to rise, and
precipitation events could get more severe. Climate change is assumed to lead to larger
disturbances including flooding (Trenberth, 2011), introduction of invasive species (Cantonati &
Lowe, 2014), and the loss of native species (Walsh et al., 2016). These events would lead to a
disruption of the natural setting within stream ecosystems and would have a direct impact on the
communities they could support (Collins, et al. 2011; Dinh & Death, 2018; Lynch & Magoulick,
2016). In northern temperate streams, climate change is predicted to cause a reduction in nutrient
concentrations of nitrogen and phosphorus leeching in the spring. The mechanism involves the
riparian zone, which is predicted to be heavily influenced by a changing climate. As
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temperatures warm and snow melt is happening earlier in the spring, riparian zone vegetation
would begin to bloom earlier which would lead to increased shading and greater uptake of
nutrients in the soil (Hancock, 2002; Nebgen & Herrman, 2019). This increased riparian shading
on streams can help with keeping water temperature cool in headwater streams (Nebgen &
Herrman, 2019) but current oligotrophic streams could be faced with nutrient limitations which
could impact diversity of the benthic community (Brown et al., 2017; Carpenter & Waite, 2000;
Matthaei, Guggelberger, & Hubre, 2003). To monitor climactic impacts in aquatic ecosystems,
the use of bioindicators have been used to efficiently watch environmental conditions and track
changing abiotic variables through time. Commonly used in lotic systems, the benthic
community is thought to be the best resource for this type of research as this community can be
greatly impacted by sudden changes in streams (Brown et al., 2017; Dinh & Death, 2018; R. J.
Stevenson et al., 2006).
The goal of this study was to compare the periphyton communities of five Lake Superior
tributaries during much of the ice-free season. I considered differences in geology, land use,
nutrient concentrations of total Kjeldahl nitrogen (TKN), total phosphorus (TP), and physical
conditions in these streams. I hypothesized that periphyton communities would change
temporally but remain similar spatially during this experiment due to the proximity of these
streams and their similar physical characteristics. Taking these conditions into consideration
allows an understanding of the periphyton community, seasonal shifts that are occurring within
the community, and what it could mean when correlated to physiochemical parameter within
each stream. Specifically, I used periphytometers to collect monthly community samples; and
performed statistical analysis to compare species and environmental trends to determine how
periphyton communities seasonally shifted within streams to present conditions.
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Methods
Study Sites
I collected samples from Halfaday Creek, Mill Creek, Naomikong Creek, Ankodosh
Creek, and Roxbury Creek (Figure 1); all of which are 3rd-order tributaries of the Upper
Peninsula of Michigan that drain into Lake Superior. These streams were selected because of
their similar characteristics (flow, depth, and substrate), proximity to one another (no more than
3 miles between neighboring streams), and due to the lack of knowledge on these systems.
Sample locations were 40 to 70 meters upstream (South) of the Lake Superior lakeshore with
two sampling sites at each location. These streams and their sub-watersheds contain soils
composed of sand, clay, and fine silts. Stream velocities ranging from 20 m/s in Roxbury creek
to 45 m/s in Mill creek (Table 1) and dense riparian vegetation. Halfaday, Mill, Naomikong, and
Ankodosh were highly similar while Roxbury was approximately 50 cm deeper than all other
streams over the duration of the experiment (Table 1). Abiotic sampling occurred in the
beginning of May 2018-October 2018 when periphytometers were deployed whereas periphyton
sampling occurred from the end of May 2018-October 2018.
Periphyton collection/Identification
Periphyton surveys were completed at each sample site in Figure 1. I placed two
periphytometers in the water column in the thalweg at each study stream (R. J. Stevenson &
Bahls, 1999; R. J. Stevenson et al., 2006). These periphytometers were equipped with 8 standard
glass microscope slides suspended in the water column just below the water surface (Paller,
1996). Once monthly, I removed the slides and I scraped the surface of the slide into a 75 ml
Nalgene cup using a flat edged scalpel. I preserved samples in a solution of 20 ml Lugol’s Iodine
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and 55 ml deionized water until the color of the solution was a dull orange. Samples were then
transported to the lab for identification. A minimum of 500 individuals were identified to genus
using 400X magnification using a Leica DME compound microscope (Biggs & Smith, 2002;
Jyrkänkallio-Mikkola et al., 2018; Pan et al., 2000) using the identification key Freshwater
Algae: Identification, Enumeration, and use as Bioindicators (Bellinger and Sigee, 2015).
Environmental Survey
At each site during periphyton collection, I measured stream flow, stream depth,
temperature, conductivity, total phosphorus (TP), total Kjeldahl nitrogen (TKN), and
substrate/sediment particle size. I used a YSI 85 to quantify temperature, conductivity, and
dissolved oxygen within the streams. Stream velocity was measured using the float method as
described by the U.S. Environmental Protection Agency (EPA, 2012, Damanik-Ambarita et al.,
2016). Stream depth was measured using a meter stick at the thalweg. I collected one 250 ml
whole water sample from the surface adjacent to periphytometers using acid washed bottles from
each stream during periphyton collection and delivered to the Lake Superior State University
Environmental Analysis Laboratory for TP and TKN analysis. Substrate analysis was completed
using a Wolman Pebble Count (Kondolf & Li, 1992; Wolman, 1954) with a Gravelometer but
was suspended after June due to substrate homogeneity within streams.
GIS Mapping
ArcGIS version 10.4.1 was used to complete watershed delineation mapping. Using soil
data, hydrology maps, and CCAP land raster obtained from the State of Michigan GIS database I
was able to construct two maps showing sub-watersheds of my streams and the land cover within
each sub-watershed (Figure II). Using the methods outlined by Dr. David Tarboton of Utah State
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University, I was able to complete these maps using the spatial analyst “hydrology” tools. Using
the Raster calculator, streams were defined based on flow accumulation using the equation (“fac”
> 1500). Soil analysis was completed during this time by creating a shapefile for each subwatershed and clipping the soil_data shapefile with the watershed file.
Data Analysis
All statistical analyses were conducted in R (version 3.5.1, R-Core team 2017) using the
“vegan” package (Oksanen et al., 2018). Non-Metric-Multidimensional-Scaling (NMDS) using
the Bray-Curtis distance metric was used to compare periphyton communities in all five creeks
from May-October (Clarke, 1993). Post hoc analysis was performed on the NMDS ordination
using an analysis of dissimilarity (ADONIS) test which indicated where monthly significance
was occurring within the ordination and similarity of percentages (SIMPER) indicated which
genera drove separation of clusters between months. Principal Component Analysis (PCA) was
used to examine relationships among abiotic data in streams.
Results
Periphyton Community Structure
Strong seasonal patterns in periphyton community structure existed among the five
streams. Pennate diatoms were the most abundant algal division; green algae and blue-green
algae were found in lower abundances during the summer as water temperatures increased.
Towards the end of the experiment, Roxbury creek was showing signs of being more productive
based on visual observation as it was showing progression to late stage filamentous algal growth.
These communities changed temporally but not spatially during the sampling period, meaning
that each stream showed similar communities when sampled but the communities were changing
23

seasonally. Periphyton communities were similar spatially but once compared temporally a shift
occurred within the community (Figure 3). This finding indicates that seasonal changes could be
driving community interactions. ADONIS (Table 2) post-hoc tests reveal that community
dissimilarity by stream was non-significant (p-value = 0.73) and community dissimilarity by
month was significant (p-value = 0.001). These results confirm that seasonal shifts are occurring
within the periphyton communities in these systems.
SIMPER analysis of the NMDS ordination indicated that Melosira, Synedra, Diatoma,
Cocconeis, and Fragellaria were among the most common genera found during this project
(Table 4). Diatoms dominated the periphytic community structure in these systems throughout
the study with green algae and blue-green algae being present in lower abundances (Table 4,
Figure 5).
Environmental Results
We found that abiotic trends in dissolved oxygen, TKN, velocity, canopy cover were
higher in colder months (May and September) while temperature, TP, and conductivity were
higher in warmer months (June, July, and August) (Figure 4). Abiotic variables tested were
found to be similar within all streams except for Roxbury Creek which differed more by depth
(Figure 4). Average depth between streams ranged from 28-40 cm for Ankodosh, Naomikong,
Mill, and Halfaday while average depth for Roxbury was found to be 95cm (Table 1). Average
temperature, conductivity, dissolved oxygen, TP, and TKN were all similar during the
experimental time frame between all creeks (Table 1). Roxbury creek showed reduced canopy
cover and flow velocity during this time (Table 1, Figure 4). Soil analysis found that each of the
watersheds was composed highly of sand, clay, silt, and fine sediments. Land cover was found to
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be dominated by deciduous and forested wetlands within each of the sub watersheds sampled
(Table 3).
Discussion
Periphyton assemblages
Diatoms dominated periphyton communities within these streams (Table 4, Figure 5).
This division is known to inhabit areas of low nutrient concentrations through high nutrient
uptake efficiency at colder temperatures and the use of silica to create their cells walls and
require minimal nutrients to develop a community (Honeyfield and Maloney 2015, Matthaei et
al. 2003, Michelutti et al. 2003, Snyder et al. 2002). The high presence of diatoms and overall
community structure was found to be similar in each stream during the sampling period (Figure
3). The dominance of diatoms was maintained throughout the sampling period (Figure 5) but as
seasonal successional change occurred green algae including Ulothrix, and Oedogonium became
present during the late summer months (Table 4). More diverse algal communities are correlated
with higher total phosphorus concentration in streams (Bernhardt 2004, Chetelat et al. 1999,
Dodds 2007, Dodds and Smith 2016, Elwood et al. 1981, Hart et al. 1990). Periphyton
communities showed minimal spatial differences over the study period but showed stronger
trends in temporal changes correlated with temperature within the creeks. These changes show
that seasonal changes in nutrient availability and water temperature were leading to changes in
the community. Diatoms are able to quickly inhabit areas directly following winter months
before other genera can begin to produce (Ledger et al., 2008; Matthaei et al., 2003; Michelutti et
al., 2003; Mori et al., 2018). The ability of these organisms to inhabit areas quickly supports the
findings of this experiment that they would be the dominant genera groups found within
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headwater streams in this region (Battin, Kaplan, Newbold, & Hansen, 2003; Bernhardt &
Likens, 2004; Greenwood & Rosemond, 2005). Similar successional patterns have been reported
in similar streams, showing dominance of diatoms and little other growth during the growing
season (McCall et al., 2017; Pillsbury et al., 2019; Sekar et al., 2002). Stream periphyton
succession can show rapid changes in nutrients, disturbance regime, anthropogenic introductions,
and other environmental changes that can occur (Li et al., 2010), and the results of this
experiment show that these streams are to the most part healthy ecosystems showing expected
successional changes for a headwater system from spring to fall.
Silica concentrations within these streams were not measured during the experimental
time frame. Similar studies have found silica concentrations between 10-25 mg/L in similar sized
streams (Dove & Chapra, 2015; Kireta & Saros, 2019; Trebitz et al., 2008). Lake Superior has
been long discussed to have the highest silica levels of all the Great Lakes and has been
relatively stable since the 1990s (Dove & Chapra, 2015). These higher concentrations of silica
found within the streams is an important driver of diatom abundance and dominance within
streams (Kireta & Saros, 2019). Due to the bedrock geology and highly calcareous limestone
geology of the Lake Superior region, these silica levels likely would not alter much with seasonal
progression, leading to these diatom communities to maintain through successional changes.
This impact of silica levels correlated with lower nutrient concentrations found in these
oligotrophic streams (Table 1) could be what is leading to the dominance of diatoms including
Synedra, Diatoma, Nitzschia, and Navicula. These organisms showed a higher affinity within
this region due to their individual life histories. The four diatom genera mentioned above have
been found to prosper in colder temperatures, flowing waters, shaded streams, and areas with
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high disturbance (Bækkelie, Schneider, Hagman, & Petrin, 2017; Gottlieb et al., 2006;
Honeyfield & Maloney, 2015).
Environmental conditions
With environmental conditions within these streams being mostly stable throughout the
growing season, successional change was observed to occur. Nutrient concentrations were found
to be low within these tributaries (Table 1) but were similar to levels found within similar
streams in the Lake Superior basin (Allen & Hershey, 1996; Sterner, 2014; Trebitz et al., 2008).
It is predicted that with a changing climate, nutrients would continue to decline within Lake
Superior proper and each of its tributaries as air temperatures climb (Kireta & Saros, 2019;
Stasio et al., 1996). With more severe rain and snow events predicted to occur in this region,
higher flooding events and stream bed disturbance can be anticipated (Langridge & Daniels,
2017; Trenberth, 2011). As snow melt continues to begin earlier into the spring, it is
hypothesized that nutrient uptake would become higher in terrestrial plants and nutrient
concentrations within streams would decline. This process has been greatly impacting the Lake
Superior basin and could be causing the process of ultra-oligotrophication to take place, causing
detrimental impacts on primary producers. Lower nutrients within streams can cause the bloom
of the invasive algal species Didymosphenia (Didymo) which has already been observed within
the nearby St. Mary’s River. This genera is known to create thick mats of algal growth on top of
the water column and can shade out macrophytes and benthic organisms below it (Bothwell et
al., 2014; Kilroy & Bothwell, 2011). At the current time, didymo is only found within the Lake
Superior watershed but was once found throughout all the Great Lakes (Kilroy & Bothwell,
2011). Monitoring and managing for this invasive would be vital for the long-term health of
these waterbodies if didymo becomes prolific within Lake Superior itself.
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Ultra-oligotrophication and Climate Change
As previously mentioned, a system is deemed ultra-oligotrophic when nutrient
concentrations are consistently below 1 µg/L (Michelutti et al., 2003). This information leads us
to conclude that during the time frame of my study these streams would be classified as
oligotrophic (Dodds, 2007; Dodds et al. 1998). With nutrients being reduced, this would have an
impact on the periphyton community and would help our understanding of why the community
was dominated by diatoms like Diatoma, Synedra, Acnanthes, and Melosira, and early stage
green-algae. The impact of ultra-oligotrophication could be felt throughout these ecosystems and
could become a greater impact with a changing climate in future years. As conditions continue to
warm, we can predict that this would increase periphyton and algal growth within these systems,
which could cause an even greater demand on nutrients within the system and limit growth and
diversity of successional changes (Allen and Hershey 1996, Biggs 2000, Rosemond et al. 2000).
As changes in the community occur, periphyton as a food source change as they move to late
successional mats of stalked algae and diatoms. It has been observed that growth of didymo can
cause a reduction in the macroinvertebrate community and cause periphyton mats to move to
more dense late successional stages (Sanmiguel et al., 2016). If the basin were to move towards
the classification of ultra-oligotrophication, these impacts could cause drastic changes to the
benthic community of both periphyton and macroinvertebrates causing the ecology of these
streams to be impacted through bottom-up trophic cascades.
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Figures and Tables
Table 1. Mean measured environmental factors and standard deviations in each creek from May
2018-October 2018. Numbers in parentheses indicate n-size (number of months sampled).

Ankodosh

Dissolved
Temperature Oxygen
Conductivity Velocity
Depth (cm) (˚C)
(mg/L)
(µs)
(cm/s)
39.31 ±
40.33±16.93 13.77 ± 5.72 10.09 ±
124.27 ±
19.47
(5)
(5)
1.5 (5)
46.41 (5)
(5)

Halfaday

39.67± 9.93
(5)

Mill

28.33 ± 7.03 14.3 ± 3.1
(5)
(5)

Naomikong

37.17 ±
12.02 (5)

12.83 ± 3.95 10.59 ±
(5)
1.03 (5)

114.3 ±
41.51 (5)

Roxbury

95.17 ±
12.53 (5)

14.15 ± 3.87 9.93 ±
(5)
1.25 (5)

121.55 ±
48.42 (5)

Stream

10.15 ± 2.16 11.86 ±
(5)
0.89 (5)

85.83 ±
21.58 (5)

10.12 ± 1

29

125.42 ±
29.31 (5)

32.85 ±
6.0 (5)
44.65 ±
21.39
(5)
40.06 ±
15.86
(5)
19.62 ±
33.18
(5)

Canopy
Cover
(%)
44.99 ±
18.31
(5)
44.42 ±
27.86
(5)
48.61 ±
29.19
(5)
35.6 ±
22.65
(5)
19.35 ±
34.09
(5)

Total
Total
Kjeldahl
Phosphorus Nitrogen
(µg/L)
(mg/L)
67.5 ±
33.97 (5)

0.38 ±
0.3 (5)

66.67 ±
20.38 (5)

0.33 ±
0.38 (5)

64.5 ±
23.92 (5)

0.46 ±
0.22 (5)

70 ± 58.32
(5)

0.46 ±
0.24 (5)

50.83 ±
29.08 (5)

0.54 ±
0.28 (5)

Table 2. Pairwise Adonis test performed on NMDS analysis in Figure 3. This shows that there
was a significant shift in the periphyton community from May-June, June-July, and
May/June/July-September. Bolded numbers were numbers found to be significant by a p-value
<0.05.

May
May

June

July

August

September

0.054

0.06

0.141

0.03

June

-

-

0.054

0.076

0.054

July

-

-

-

0.141

0.054

August

-

-

-

-

0.141

September

-

-

-

-

-
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Table 3. Land Cover Distribution within each sub watershed depicted in figure 2.

Stream

Halfaday
Mill
Naomikon
g
Ankodosh
Roxbury

Devel Agric Grassl
oped
ulture
and
0.1
1.6
1.1
0.0
0.4
0.3
0.0
0.1
0.0

0.0
0.1
0.0

3.0
1.4
2.9

Decid Everg
uous
reen
77.3
5.1
74.7
0.8
59.0
56.6
42.0

1.8
5.8
10.8

Land Cover (%)
Forest
ed
Mixe
Wetla
d
Scrub
nd
4.0
5.7
2.6
1.5
3.0
10.7
3.2
1.2
4.9
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11.9
10.5
7.6

14.5
17.4
25.5

Emer
Shrub gent
Wetla Wetla
nd
nd
2.2
0.2
6.7
1.9
4.6
4.9
6.0

1.7
1.6
0.2

Open Open
Land Water
0.1
0.1
0.0
0.0
0.0
0.0
0.0

0.3
0.4
0.0

Total
Area
(ha)
1380
389
984
1841
612

Table 4. SIMPER analysis of significant findings from Table 1. Cumulative cutoff percentage
was set at 50%.
Genera
Synedra (Diatom)
Ulothrix (Diatom)
Melosira (Filamentous Green)
Diatoma (Diatom)
Craticula (Diatom)
Cocconeis (Diatom)
Diatoma (Diatom)
Cocconeis (Diatom)
Aphanocapsa (Blue-Green)
Craticula (Diatom)
Synedra (Diatom)
Navicula (Diatom)
Nitzschia (Diatom)
Synechochocytis (Diatom)
Fragilaria (Diatom)
Aphanocapsa (Blue-Green)
Diatoma (Diatom)
Synechochocytes (Diatom)
Melosira (Filamentous Green)
Navicula (Diatom)
Nitzschia (Diatom)
Ulothrix (Filamentous Green)
Synedra (Diatom)
Fragilaria (Diatom)

May
↓
↓
↓
↑
↑
↑
June
↑
↑
↓
↑
↑
↑
↑
↓
↑
July
↑
↑
↑
↑
↑
↑
↑
↑
↑

Change that Occurred
June
↑
↑
↑
↓
↓
↓
July
↓
↓
↑
↓
↓
↓
↓
↑
↓
September
↓
↓
↓
↓
↓
↓
↓
↓
↓
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Cumulative %
10
18
26
33
40
45.72
8
14.9
21.4
26.9
32.1
37.5
42.3
47.08
50.4
9.7
16.6
22.3
27.2
32
36.6
41.02
45.12
49.14

Figure 1. Map of sampling sites within Chippewa County, MI. Sampling sites are designated
with a black
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star and creek morphology is designated with white

Figure 2. Watershed delineation maps showing watershed boundaries of each stream (Top) and
watershed map showing land cover within each subwatershed (Bottom). Soil analysis within the
sub-watersheds found that each stream had a mixture of sandy, clay, and fine sediments
substrates within.
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Figure 3. NMDS ordination showing trends in periphyton community shifts during the study
period. This plot shows that the communities within the streams are similar during sampling
periods but as we moved throughout the summer months the communities shifted. Stress =
14.47%.
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Figure 4. Principal Component Analysis of measured environmental variables within my study
sites. PCA1 accounts for 47% of the variation while PCA2 accounts for 18%, totaling 65%
variation explained by the first two axes. Abbreviations: DO = dissolved oxygen, TKN = total
Kjeldahl nitrogen, TP = total phosphorus, CC = canopy cover, Cond = conductivity, T =
temperature, Z = stream depth.
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Figure 5. Species composition figures showing monthly changes in community structure in each
stream during sampling period.
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Chapter III
Extended Review of Literature
Introduction
Phycology is classified as the study of periphyton. Within the field of phycology,
researchers can study Benthic Periphyton “Periphyton”: which are photosynthetic organisms
attached to a surface (Rashid et al. 2013). This field of research is important because it can allow
for early detection of water quality problems, human health problems, finding trace metals in
water sources, and predicting nutrient input locations (Conti & Cecchetti, 2003). The main area
of research within phycology is using periphyton to monitor nutrient presence within streams and
lakes and how this could be influencing growth of these organisms over a set period (Hasson
1990). Studying periphyton can have extensive applications in a variety of studies, ranging from
macroinvertebrates to fish and phytoplankton (Álvarez & Peckarsky, 2005; Francoeur et al.
2017). In this review, we will be observing how the field of Phycology has been used in the past
and how it is being used in current times to broaden our understanding of natural ecosystems and
climactic changes.
Periphyton growth
Much like any ecosystem, different species can grow in different habitats. This holds true
for periphyton communities, which can vary greatly between freshwater lakes and rivers (Biggs
et al., 1998; Cantonati & Lowe, 2014; Snyder et al., 2002). Periphyton community differences
can be found with changes in sunlight availability, nutrients, daylength, and overall temperature
of the water system (Foy, 1983; Foy et al., 1976). The influences of temperature have been
heavily studied in aquatic ecosystems and have found that as temperature increases, growth can
greatly increase, and periphyton communities can change as well (Guasch et al., 1998; Kazama
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& Watanabe, 2018; Reisinger et al., 2016; Rosemond, 1994). Smith (1986) found that if
temperature and nutrients are freely available, changes in periphyton populations will easily be
observed in aquatic ecosystems. Temperature can often be considered one of the most important
factors when addressing periphyton and periphyton growth in an ecosystem. A correlation found
between temperature and periphyton growth showed that as temperature increased, the affinity
for periphyton cells to uptake nutrients increased (Goldman & Carpenter, 1974; Reisinger et al.,
2016). This is a key factor to consider in research because with current climate conditions
warming every year, we could continue to see a positive trend in periphyton growth and nutrient
uptake by periphyton.
Stream Nutrients
Nutrients play a key role in the growth of periphyton communities and in changing
habitats that individuals can inhabit within an aquatic setting. Different nutrients are available
within aquatic ecosystems, the common nutrients that are available for uptake by organisms are
Nitrogen and Phosphorus in varying forms, and these nutrients influence periphyton community
structure and growth (Dodds, 2007; Dodds & Smith, 2016; Dodds et al., 2002). These nutrients
will become more abundant and then become limiting, or not as abundant, which can lead to
different organisms dominating. Limiting nutrients can have a strong influence on periphyton
because if these nutrients happen to come out of limiting, through natural or anthropogenic
additions. This can lead to blooms, or mass growths, in periphyton communities (Lohman et al.,
1991; Stevenson et al., 2006). Limiting nutrients are important to keep in mind due to
aquaculture and fish hatcheries. These anthropogenic means can be sources of nitrogen,
phosphorus, and organic matter that can drastically throw off a natural ecosystem out of balance
and can cause a change in the community. An example of periphyton blooms is the Harmful
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Periphyton Blooms (HABs) that occur annually in Lake Erie in the Great Lakes. These HABs are
found to be caused by eutrophication through the unnatural addition of phosphorus to the water
basin (Michalak et al., 2013). These cyanobacteria could inhabit Lake Erie because of the
increasing temperature of the lake, the shallow depth of the lake compared to the other Great
Lakes, and the immense phosphorus loading from surrounding farm communities. Research in
this area could prove to be important for the management and protection of watersheds around
the world, the research into prevention of cyanobacteria is relatively understudied and is
normally looked at after blooms occur. Areas like this are where monitoring stream nutrients can
prevent these issues and is a key area of where my research will consider and be using a variety
of methods to further investigate if they would be viable in this field of work.
If a system is Nitrogen or Phosphorus limiting this can influence what periphyton
community will grow. It was determined that nutrient competition within habitats often proves to
be the leading factor for community structure within ecosystems and that this in combination
with temperature and sunlight availability could potentially identify how communities are
formed (Tilman 1982). Stream ecosystems can go through a process called Eutrophication,
which is defined as the excessive enrichment of nutrients in a water body (Biggs 2000).
Eutrophication is often linked to manmade, or anthropogenic, changes to surrounding areas of
the ecosystem that cause excess nutrients to enter the water body. With the global nitrogen input
into aquatic systems nearly doubling, it has been observed that aquatic plant communities are
changing and becoming more abundant and periphyton communities are becoming denser and
with greater diversity than seen before (Smith et al. 1998). Some scientists are looking at local
hatcheries and fish farms with the idea that since they are adding nitrogen, phosphorus, and
organic matter through fish feces and uneaten food, that this could be influencing periphyton and
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periphyton growth in streams and lakes (Stirling & Dey, 1990). This input of organic matter,
nitrogen, and phosphorus can have a strong influence on how species grow and what
communities grow in an ecosystem, often these types of changing levels can lead to immigration
and emigration of species from areas and can alter home ranges and because of this, the study of
periphyton can be phenomenal for early detection of these problems, especially in nutrient
stimulation and pollution.
Seasonality and Periphyton
There are a variety of nutrients that are available to organisms at any given moment. The
common nutrients are: phosphorus, nitrogen, phosphate, and nitrate (R. J. Stevenson et al.,
2006). It has been documented that nutrient input into streams can vary from high to all nutrients
limiting depending on the climate of the season (Rugenski et al., 2008). During the fall we can
see massive inputs from leaf litter but then see all input stop when the waterways freeze during
the winter in a northern climate with another big increase coming with annual snow melt. It has
been hypothesized that seasonal nutrient changes can cause changes nutrient availability and
further influence which populations of periphyton can grow during certain seasons (Allen &
Hershey, 1996). Seasonality can be the strongest form of population control for periphyton, due
to changing nutrients and local weather conditions creating major disturbances within the
watershed. The biggest form of disturbances was found to be flooding and nutrient resource
supply, which was found to potentially inhibit periphyton growth in streams (Francoeur et al.,
1999; Matthaei et al. 2003). Considering this information, it helps us process what is going on in
streams and creeks in northern climates during the four seasons. Successional changes are
common to occur within periphyton over time and as water temperatures rise. It has been
described that diatoms will inhabit streams in early spring (Honeyfield & Maloney, 2015;
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Robarts & Zohary, 1987) and will progress to stalked diatoms and green algae into mid-summer
(Carpenter & Waite, 2000; Guasch et al., 1998; Kilroy & Bothwell, 2011). Periphyton
successional stage is used as a bioindicator of stream health (Jyrkänkallio-Mikkola et al., 2018;
Piggott et al., 2015; Pillsbury et al., 2019; Welsh & Ollivier, 1998). Streams with a high
disturbance frequency would be found to contain communities dominated by pennate diatoms
while streams with a less frequent disturbance frequency would be hypothesized to contain
mucilaginous green algae communities. This seasonal shift of periphyton can give insight to the
health of the ecosystem, grazer presence, riparian vegetation, and anthropogenic influences
within a stream. Future climate change predictions could lead to a shift in this understanding as
air temperatures continue to warm and nutrients become available to stream communities. The
successional stage of periphyton communities is directly controlled by the frequency of
disturbance that occurs within the system. It has been reported that biofilm thickness and
biomass are directly related to the age and diversity within the biofilm itself (Reisinger et al.,
2016; Sekar et al., 2002). As the biofilms get larger and thicker in late successional stages, they
become more susceptible to being damaged through high flooding, erosion, and substrate
disturbance. These late successional mats are composed of green algae, blue-green algae, and
stalked diatoms and can shade out lower stage organisms of diatoms like Synedra, Navicula, and
Nitzschia.
Successional change in these communities is mostly driven by nutrient concentration,
temperature, light availability, and disturbance regime (Biggs et al., 1998; Matthaei et al., 2003;
Sekar et al., 2002). More frequent disturbances within lotic environments would cause the
periphyton community to resemble an early successional assemblage composed of pennate
diatoms and some early stage green algae (Biggs et al., 1998; Matthaei et al., 2003). If
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disturbances are less frequent within the ecosystem, benthic mats will become more composed of
filamentous green algae, blue-green algae, and stalked diatoms (Francoeur et al., 2017; Mori et
al., 2018). With climate change predictions calling for more frequent and more severe
precipitation events (Trenberth, 2011), it can be predicted that within headwater streams the
periphyton community will be highly composed of pennate diatoms (Carpenter & Waite, 2000;
Honeyfield & Maloney, 2015; Michelutti et al., 2003). In highly eutrophic systems, periphyton
succession is highly accelerated which can lead to large blooms on algae within aquatic systems
(Bernhardt & Likens, 2004; Michalak et al., 2013). These blooms can have negative impacts on
the ecology of these systems and can sometimes found to be toxic to organisms (Robarts &
Zohary, 1987). Monitoring of periphyton successional state can be a useful tool in observing
impacts of climate change on aquatic systems (Jyrkänkallio-Mikkola et al., 2018), stream health
(Allen & Hershey, 1996), heavy metals within streams (Conti & Cecchetti, 2003; Huang et al.,
2017; Wu et al., 2017), and anthropogenic impacts (Dodds et al., 2002; Smith et al., 1998; Wood
& Armitage, 1997).
Climate Change
Increasing global air temperatures has become a common topic of discussion in the past
decade (Delpla et al. 2009; Jyrkänkallio-Mikkola et al., 2018; Langridge & Daniels, 2017).
Global air temperatures are predicted to have increased 1˚C since the industrial revolution began
in the late 18th century. The process of climate change is brought on by the release of gaseous
carbon dioxide being absorbed into the atmosphere. As temperatures continue to rise, greater
precipitation is expected to occur globally. Aquatic communities are directly impacted by this
phenomenon through increasing water temperatures. The increase of water temperatures could
lead to the increase of invasive species and potentially a shift in the local communities found
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(Langridge & Daniels, 2017; Piggott et al., 2015). Changes in environmental factors will have
drastic impacts on water chemistry and potentially could lead to changes in nutrient spiraling
within the water column.
Periphyton communities can be used to help address the impacts of climate change within
lentic and lotic systems (Brown et al., 2017; Jyrkänkallio-Mikkola et al., 2018; Stasio et al.,
1996). These assemblages are dependent on sunlight, water temperature, nutrients, and minerals
within the stream to form and grow over time (Doretto et al. 2018; Guasch et al., 1998;
Rosemond, 1994). As temperatures continue to rise long term, it is predicted that periphyton
communities will become composed of green algae, stalked diatoms, and more bloom forming
organisms we be able to grow (Francoeur et al., 2017; Michalak et al., 2013; Walsh et al., 2016).
The Laurentian Great Lakes have been heavily impacted by anthropogenic changes and
climate change (Francoeur et al., 2017; Nicholls & Hopkins, 1993; Walsh et al., 2016). It has
been predicted that within these lakes, climate change will greatly impact the ecology and
diversity that is present. Focusing on Lake Superior specifically, it has been hypothesized that
climate change will increase precipitation and cause earlier snow melts into the spring with more
severe rain events. Lake Superior has been classified as an oligotrophic system that receives its
nutrients from groundwater and allochthonous inputs. This earlier snow melt will cause a
reduction in nutrients flowing into the tributaries and Lake Superior long term. This earlier melt
will cause riparian vegetation to bloom sooner and uptake nutrients before those nutrients can
leech into streams and become bioavailable for periphyton communities. This loss of nutrients
into the system could move the Lake Superior basin into a state of ultra-oligotrophication (total
phosphorus [<1 µg/L]) and would have negative impacts to the overall diversity of periphyton
within the system. The reduction of nutrients within these systems could lead to the introduction
54

of invasive bloom forming diatoms like Didymosphenia. Didymo is stalk forming diatom that
becomes present in colder lakes and streams when low nutrients are present (Bothwell et al.,
2014) and has been found in the nearby St. Mary’s River. The growth of this diatom could cause
a thick layer of algae to grow on the surface of the water body and could shade out benthic
periphyton communities. These explained factors could cause extreme changes to the Lake
Superior ecosystem long term if trends continue in the way they are.
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